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Title: Catalytic secondary reforming process and reactor 
for said process. 

DESCRIPTION 

Field of application 

5 The present invention refers, in its most general aspect, 
to a catalytic secondazy reforming process, for the 
production of synthesis gas, of the type comprising the 
successive steps of: 

feeding a first gas flow comprising hydrocarbons and a 
10 second gas flow comprising oxygen into a reforming reactor, 
at least one of said gas flows being fed into said reactor 
in a predetermined feed direction substantially parallel, 
preferably coaxial, to a longitudinal axis of said reactor, 

mixing said gas flows in said reactor, with 
15 substantially simultaneous oxidation of the hydrocarbons of 
said first gas flow by the oxygen of said second gas flow. 

In the rest of the description and in the sxibsequent 
claims, with the term hydrocarbons'* we generically mean to 
identify a hydrocarbon or mixtures of hydrocarbons that are 

20 saturated and/or unsaturated, light and/or heavy (for 
example C1-C6) ; with ^'gas flow comprising hydrocarbons" we 
mean to identify preferably a flow of gas coming from a 
primary .reforming process of predetermined hydrocarbons 
(partially reformed gases) , containing hydrogen, carbon 

25 monoxide, carbon dioxide, steam and unreacted hydrocarbons. 

With the term **gas flow comprising oxygen" , on the other 
hcuid, we generally mean to identify a gas flow which 
consists of pure oxygen, air, oxygen -enriched air or air 
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comprising oxygen, nitxogen and steam in predetermined 
proportions . 

With the term ^'synthesis gas", we generally mean to 
identify a mixture of gases used to produce methanol or 
5 ammonia/ or else in general a gas comprising hydrogen, 
carbon monoxide and possibly nitrogen. 

Prior art 

It is known that a catalytic secondary reforming process 
intended for the production of synthesis gas takes place 
10 schematically in two successive steps: a first partial 
oxidation step of predetermined hydrocarbons and a second 
step of cottpleting the oxidation of the hydrocarbons that 
did not react in the first step, carried out in an 
appropriate catalytic bed. 

15 It is known that to obtain a high yield in this second 
step, in other words to obtain an optimal completion of the 
oxidation of the hydrocarbons, it is necessary for the 
temperature and composition at the entry of the catalytic 
bed to be as uniform as possible, so that the catalyst can 

20 work, in every point of the catalytic bed, in conditions as 
close as possible to the predetermined ones from the design 
stage. 

As regards to secondary reforming processes of the prior 
art, it has constantly been noted at the entry of the 

25 catalytic bed that there is substantial non-uniformity of 
temperature distribution, quantifiable in AT, between two 
different zones of the surface of said catalytic bed which, 
in the better applications, can reach 60/70*^C; due to this 
it is accepted that it is not possible for the catalyst to 

30 operate according to the predetermined design conditions. 
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thus reducing the reaction yield and increasing the 
operating costs. 

Summary of the invention 

The technical problem underlying the present invention is 
5 that of providing a catalytic secondary reforming process 
of the type considered^ in which a substantially xaniform 
temperature distribution or, at most, one that is variable 
within a very small range of va.lues about a predetermined 
design temperature is ensured thorough time on the catalytic 
10 bed, so as to allow the catalyst itself to operate in 
optimal conditions. 

The idea for a solution to such a technical problem is that 
of realizing, immediately upstream of the first oxidation 
step provided in said catalytic secondary reforming 
15 process, an optimal mixing of the flows comprising 
hydrocarbons and 03tygen, respectively, with continuous 
formation of a gas flow mixed to such a point as to allow 
the oxidation reaction to develop imiformly and 
homogeneously in the whole of the fluid mass. 

20 In other words, by doing this, in the first step of the 
reforming process of the invention the oxidation reaction 
of said hydrocarbons takes pLace with a substantially 
imiform degree of conversion, consequently obtaining 
constant temperature arid composition in the gases produced 

25 by such a reaction at the entiry of the catalytic bed. 

Based upon said idea, the aforementioned technical problem 
is solved by a catalytic secondaary reforming process of the 
type considered, characterized in that said step of mixing 
said gas flows takes place by giving to said at least one 
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of said gas flows a rotating swirling motion about said 
predeteinnined feed direction. 

Advantageously, said first gas flow comprising hydrocarbons 
and said second gas flow comprising oxygen are fed into 

5 said reactor in said predetermined feed direction, keeping 
them separate for an initial portion of said reactor of 
predetermined length, said flows being one inside the other 
and coaxial, and said mixing step takes place downstream of 
said portion, giving at least to said inner and coaxial 

.0 flow a rotating swirling motion "about said predetermined 
feed direction. 

Preferably, said gas flow subjected to rotating swirling 
motion corresponds to said, second gas flow comprising 
oxygen . 

15 The present invention also r-efers to a catalytic reforming 
reactor for carrying out the aforementioned process. 

Further characteristics and advantages of the invention 
will become clearer from the detailed description of an 
embodiment of a catalytic secondary reforming process 
20 according to the invention, given hereafter with reference 
to the attached drawings, given only for indicative and 
non-limiting purposes. 

Brief description of the figures 

Figure 1 schematically shows a section view of a 
25 reforming reactor for carrying out a process according to 
the invention; 

Figure 2 schematically shows a section view of a 
detail of figure 1; 



wo 2005/044724 



- 5 - 



PCT/EP2004/011949 



Figure 3 schematically shows a section view of a 
detail of figure 2 . 

Detailed description 

With reference to figure 1, a reactor for carrying out the 
5 catalytic secondary reforming process of the present 
invention is globally indicated with 1. 

Such reactor comprises a substantially cylindrical shell 2, 
with a vertical axis A-A, and having an inner wall coated 
with refractory material resistant to high temperatures, 

10 generally indicated with 15 in figure 1. In said reactor a 
first zone Zl and a second zone Z2, on top of one another 
and in fluid communication with each other, are defined. A 
catalytic bed 3, the upper surface or **free surface" of 
which constitutes a plane B of separation between said 

15 zones, is supported, in a per se known way, in the lower 
zone Z2 . 

At the upper and lower ends, having fanasto- conical shape, 
of the shell 2 are respectively defined a reaction chamber 
5, in the first zone Zl, defined at the bottom by said 
20 plane B (upper surface of the catalytic bed 3) , and a 
collection chamber 6 of the reaction products in fluid 
commiinication with the outside thanks to a discharge duct 
16. 

In accordance with the present invention, the catalytic 
25 secondary reforming process comprises the feeding into the 
reactor 1, with feed direction sxibstantially parallel to 
the axis A-A thereof, of a first continuous gas flow 
comprising hydrocarbons and of a second continuous gas flow 
comprising oxygen. The latter has a feed direction 
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substantially coaxial with respect to the axis A-A of the 
reactor 1, 

In particular, according to a preferred embodiment of the 
present invention, said gas flows are kept separate from 
5 each other for an initial portion X9 of said reactor 1, of 
predetermined length, for such a puxpose using a first duct 
8 and a second duct 7, both tubialar, rigid, preferably 
rectilinear, coaxial and concentric. The second duct 7 is 
arranged inside said first duct 8, and an annular 
-0 interspace 9 is defined between the two ducts* 

Said ducts 7, 8 have a predetermined length and in the 
example extend axially in the zone Zl which, through them, 
is in fluid commvmication with sources (not represented) of 
said first and second gas flow, cutside of the reforming 
15 reactor 1, Preferably, said second duct 7 extends axially 
in the reaction zone 5. 

Preferably, the first gas flow crosses said interspace 9, 
whereas the second gas flow crosses the second duct 7, thus 
being inside and coaxial to said fixst gas flow. 

20 The first gas flow, the one comprising hydrocarbons,, at the 
time of introduction in the interspace 9 through the duct 
11 with axis C-C generally perpendicular to the axis A-A, 
is made to pass through a distributor device 10 in order to 
obtain a uniform speed distribution in the interspace 9 . 

25 In accordance with a character'istic of the present 
invention, the second gas flow, the one comprising oxygen, 
is given rotary motion about the feed direction, whilst it 
crosses the respective second duct 7 . 
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Advantageously, said rotary motion is a so-called swirling 
motion and is obtained through an appropriate so-called 
swirling device 12, supported in the second duct 7 at a 
predetermined distance from the end thereof that is open in 
5 the zone Zl. 

For example, the swirling device 12 is of the type 
comprising inclined or helical fins, not represented since 
they are per se known, capable of giving rotary motion to a 
fluid that crosses them, 

10 When the second gas flow reaches the open end 18 of the 
second duct 7, precisely due to the rotary motion, it 
deviates in a substantially radial direction towards the 
walls of said chamber 5. 

In this way, the surface layer of said second flow comes 
15 into contact with the first flow which flows coaxially with 
and outside of said second flow, pushing it outwards 
towards the walls of the reaction chamber 5 and allowing 
the mixing of the two flows. 

At the time when they come into contact, the first and 
20 second flow start to react with each other with partial 
oxidation of the hydrocarbons of the first flow, and 
consequent obtainment of a third gaseous flxix comprising 
oxygen and carbon monoxide over a small part of unreacted 
hydrocarbons . 

25 Thanks to the mentioned configuration and process, inside 
the reaction chamber 5, an efficacious mixing is achieved, 
greatly improved by the rotatory movement of the second 
flux, as regards a simple concurrent contact, allowing the 
obtainment of a vmiform degree of advancement of the 
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partial oxidation reaction of the hydrocarbons to give 
hydrogen and carbon monoxide. 

Consequently, a uniform temperature and composition are 
attained on the surface of the catalytic bed, thus allowing 
5 the catalyst to work in the predet ermined temperature and 
composition conditions, advantageously increasing the 
reaction yield and reducing the operating costs. 

The third gas flow is then fed to said catalytic bed 3, 
where the partial oxidation reaction of said hydrocarbons 
10 proceeds* 

At the exit of the catalytic bed 3 the reacted gases flow 
into the collection chamber 6 of the reaction products from 
the reactor through the discharge duLCt 16. 

In the example of figures 1-3, the open end 18 of the 
15 second duct 7 diverges towards the walls of said reaction 
chamber 5. 

Advantageously, said open end 18 comprises a f rusto-conical 
shaped section 13, coaxial with the second cylindrical duct 
7 and having taper facing towards the center of the second 
20 duct 7, with the opening angle at a predetermined size, 
greater than or equal to 30** and less than or equal to 
180**, preferably between 120® and 150*=*. 

Moreover, such a section is preferably joined to the second 
duct 7 through a large radius concave fitting 17, with 
25 bending radius of between one tenth and five times the 
diameter of said second duct 7, preferably between 0.1 and 
0.2 times the size of the aforementioned diameter. 

According to an alternative embodiment, -not represented, 
said open end 18 comprises a concave section 13 with a 
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large radius, with bending radius of between one tenth and 
five times the diameter of said second duct 7, preferably 
between 0.1 and 0.2 times the size of the aforementioned 
diameter. 

5 The second duct 7 with the fitting 17 and/or the section 13 
form a particular profile with a distinctive trumpet-like 
shape . 

Due to the configuration of the section 13, the first gas 
flow, which comprises hydrocarbc5l?^ and which flows inside 
10 the annular interspace 9, Is deflected to the outside, 
following the aforementioned trumpet -like profile and 
expanding radially towards the frusto- conical walls of the 
reactor. 

The second gas flow, due to the widening and the conical 
15 configuration of the passage section of the nozzle and due 
to its swirling motion, tends to adhere to the cuirved walls 
of the fitting 17 and to the conical walls of the section 
13. This allows operation at lower speeds, even equal to or 
less than half the speed required in the case of an inner 
20 duct 7 having the end 18 open rectilinear and not 
divergent, and thus allows to advantageously limit the 
pressure drops which intervene when rotary motion is given 
to the aforementioned flow. In this way, said second flow 
easily moves away from its original direction and also 
25 expands outwards, following the aforementioned tarumpet-like 
profile, in the direction of the walls of the reaction zone 
5, parallel to the first gas flow comprising hydrocarbons. 

The description of the process according to the invention 
made above has been made with reference * to the preferred 
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case in which the flow comprisin.g oxygen is outside the 
flow comprising hydrocarbons. 

According to yet another embodiment of the present 
invention, not represented, both the second duct 7 and the 
interspace 9 are equipped with swirling devices 12 
configured in such a way as to g±ve rotary motion to the 
flows which cross them. 

In this case, the swirling devices 12 are shaped so as to 
give the two gas flows respective rotary motions in 
opposite directions, i.e. in count ercurrent with respect to 
each other. In such a way, at the moment of contact inside 
the reaction chamber 5, the mix±ng of the two flows is 
further improved. 

The invention thus conceived is susceptible to variants and 
modifications aimed at satisfying contingent and specific 
recpiirements all of which fall within the scope of 
protection of the invention itself, as defined by the 
following claims . 



